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TRANSISTOR HAVING VERTICAL 
JUNCTION EDGE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

This section is intended to introduce the reader to aspects 
of the art that may be related to various aspects of the present 
invention, Which are described and/or claimed below. This 
discussion is believed to be helpful in providing the reader 
With background information to facilitate a better under 
standing of the various aspects of the present invention. 
Accordingly, it should be understood that these statements 
are to be read in this light, and not as admissions of prior art. 

The increased speed and capability of computers has had 
an enormous impact on our society. The Internet, advanced 
softWare applications, speed recognition, advances and tele 
communications and the many other high speed applications 
are made feasible only because the performance of silicon 
based integrated circuit devices has increased over time. As 
can be appreciated, faster performance is generally desir 
able. 

Current integrated circuit devices, such as metal oxide 
semiconductor (MOS) transistors, are limited by constraints 
inherent in existing silicon technology. For decades, scien 
tists have been searching for Ways to enhance existing 
silicon technology to speed computer performance. As can 
be appreciated, any medium that can conduct electricity has 
some degree of capacitance associated thereWith. Techni 
cally, a MOS transistor is regarded as a capacitive circuit. 
This implies that the MOS circuit must completely charge to 
full capacitance to activate its sWitching capability. The 
process of discharging and recharging the transistor requires 
a relatively long amount of time When compared to the time 
it requires to actually sWitch the voltage state of the tran 
sistor’s metal layer. The “junction capacitance” of a tran 
sistor generally refers to the charge-storing area betWeen the 
impurities added to a chip’s silicon and the impurity-free 
silicon substrate. Reducing the junction capacitance associ 
ated With the transistor Will enhance performance of the 
device by increasing the operating speed. 

Silicon-on-insulator (SOI) is a relatively neW technology 
that o?cers certain advantages over prior techniques. SOI 
dilfers from CMOS by placing the transistor’s silicon junc 
tion area on top of an electrical insulator. The most common 
insulators employed With this technique are glass and silicon 
oxide. By placing a thin layer of insulator betWeen the 
impurities and the silicon substrate, the junction capacitance 
is greatly reduced or eliminated, thereby enabling the tran 
sistor to operate faster. As transistor latency drops, the 
ability to process more instructions in a given time increases 
and overall system performance is positively impacted. 
Though SOI technology o?cers certain advantages over 

existing silicon technology, further siZe reduction and cost 
reduction may be desirable. Further, devices having loWer 
leakage currents and stable refresh rates is also desirable. As 
can be appreciated, improved manufacturability is often 
desirable, as Well. 

FIG. 1 illustrates a partial cross-sectional vieW of a 
transistor fabricated using silicon-on-insulator (SOI) tech 
nology; 

FIG. 2 illustrates a partial schematic illustration of an 
exemplary integrated circuit, incorporating an array of 
memory cells having transistors fabricated in accordance 
With embodiments of the present invention; and 
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2 
FIGS. 3*10 are cross-sectional vieWs illustrating exem 

plary methods of fabricating integrated circuits in accor 
dance With embodiments of the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

One or more speci?c embodiments of the present inven 
tion Will be described beloW. In an e?cort to provide a concise 
description of these embodiments, not all features of an 
actual implementation are described in the speci?cation. It 
should be appreciated that in the development of any such 
actual implementation, as in any engineering or design 
project, numerous implementation-speci?c decisions must 
be made to achieve the developers’ speci?c goals, such as 
compliance With system-related and business-related con 
straints, Which may vary from one implementation to 
another. Moreover, it should be appreciated that such a 
development e?cort might be complex and time consuming, 
but Would nevertheless be a routine undertaking of design, 
fabrication, and manufacture for those of ordinary skill 
having the bene?t of this disclosure. 

Turning noW to the ?gures, FIG. 1 illustrates a partial 
cross-sectional vieW of a transistor 10 fabricated using 
silicon-on-insulator (SOI) technology. As previously 
described, the development e?cort might be complex and 
time consuming, but Would nevertheless be a routine under 
taking of design, fabrication, and manufacture for those of 
ordinary skill having the bene?t of this disclosure. 

Turning noW to the ?gures, FIG. 1 illustrates a partial 
cross-sectional vieW of a transistor 10 fabricated using 
silicon-on-insulator (SOI) technology. As previously 
described, the transistor 10 includes a silicon substrate 12 
having an insulator 14, such as an oxide or glass. The gate 
area (or channel) is formed by disposing a thin layer of 
silicon 16 on top of the insulator 14 and forming the doped 
regions 18 and 20 in the thin layer of silicon 16 such that a 
channel is formed through the thin layer of silicon 16. A thin 
barrier layer 22, such as an oxide, is disposed over the thin 
layer of silicon 16 and a conductive layer 24, such as a metal 
or polysilicon, is disposed on top of the barrier layer 22 and 
patterned to form a conductive path above the gate area. 
When current is transmitted to the conductive layer 24, the 
thin layer silicon 16 forms a conductive channel betWeen the 
doped regions 18 and 20 through Which electricity ?oWs. 
As can be appreciated, the interface betWeen the doped 

regions of a transistor and the underlying layer may have an 
associated junction capacitance. As previously described, a 
MOS circuit generally uses a relatively large amount of 
operational time discharging and recharging this capacitance 
before the transistor is able to conduct since there is a 
relatively large capacitance associate With the junction 
betWeen the pure silicon and the doped silicon. HoWever, the 
present SOI transistor 10 includes an insulator 14 disposed 
over the silicon substrate 12. Advantageously, the SOI 
transistor 10 has a negligible capacitance since the insulator 
14 provides an ef?cient barrier. Accordingly, the capacitance 
associated With the junction 26 is essentially eliminated by 
incorporating the insulator layer 14, thus alloWing the SOI 
transistor to operate faster since the charging process is 
virtually eliminated. As Will be described further With ref 
erence to FIGS. 3*8, the notion of providing an insulator 14 
to minimiZe the capacitance at the junctions 26 as in the SOI 
transistor 10, can be implemented With other technologies, 
such as shalloW trench isolation (STI) technology, to provide 
improved transistor design for incorporation in ultra large 
scale integration (ULSI) applications of integrated circuits. 
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Referring to noW to FIG. 2, a partial schematic illustration 
of an exemplary integrated circuit, such as a memory device, 
incorporating an array of memory cells having transistors 
Which may be fabricated in accordance With the techniques 
described herein is illustrated. The memory device 28 may 
be, for example, a dynamic random access memory 
(DRAM) device. In the exemplary embodiment, the memory 
device 28 includes a number memory cells 30 arranged in a 
grid pattern comprising a number of roWs and columns. The 
number of memory cells 30 (and corresponding roWs and 
columns) may vary depending on system requirements and 
fabrication technology. Each memory cell 30 includes an 
access device and a storage device. In the present exemplary 
embodiment, the access device comprises a ?eld effect 
transistor (FET) 32 and the storage device comprises a 
capacitor 34. The access device is implemented to provide 
controlled access to the storage device. In the exemplary 
memory cell 30, the FET 32 includes a drain terminal 36 and 
a source terminal 38. The capacitor 34 is coupled to the 
source terminal 38. The terminal of the capacitor 34 that is 
not coupled to the FET 32 may be coupled to a ground plane. 

It should be noted that although the above description 
depicts the terminal of the access device coupled to the 
capacitor 34 as the source 38 and the other non-gate terminal 
of the access device as the drain 36, during read and Write 
operations, the FET 32 may be operated such that each of the 
terminals 36 and 38 operates at one time or another as a 
source or a drain. Accordingly, for purposes of further 
discussion it should be recognized that Whenever a terminal 
is identi?ed as a source or a drain, it is only for convenience 
and that in fact during operation of the FET 32 either 
terminal could be a source or a drain depending on the 
manner in Which the FET 32 is being controlled by the 
voltages applied to the terminals 36, 38 and 40. 
As previously described, the memory array is arranged in 

a series of roWs and columns. To implement the data storage 
capabilities of a memory cell 30, an electrical charge is 
placed on the drain 36 of the FET 32 via a bit line (BL). By 
controlling the voltage at the gate 40 via the Word line (WL), 
a voltage potential may be created across the FET 32 such 
that the electrical charge at the drain 36 can How to the 
capacitor 34. As can be appreciated, by storing electrical 
charge in the capacitor 34, the charge may be interpreted as 
a binary data value in the memory cell 30. For instance, for 
a single-bit storage device, a positive charge above a knoWn 
threshold voltage may be interpreted as binary “1.” If the 
charge in the capacitor 34 is beloW the threshold value, a 
binary value of “0” is said to be stored in the memory cell 
30. 

The bit lines BL are used to read and Write data to and 
from the memory cells 30. The Word lines WL are used to 
activate the FET 32 to access a particular roW of a memory 
cell 30. Accordingly, the memory device 28 includes an 
address buffer 42, roW decoder 44 and column decoder 46. 
The roW decoder 44 and column decoder 46 selectively 
access the memory cells 30 in response to address signals 
that are provided on the address bus 48 during read, Write 
and refresh operations. The address signals are typically 
provided by an external controller such as a microprocessor 
or another type of memory controller. The column decoder 
46 may also include sense ampli?ers and input/output cir 
cuitry to further enable data to be read to and from the 
memory cell 30 via the bit lines BL. 

In one exemplary mode of operation, the memory device 
28 receives the address of a particular memory cell 30 at the 
address buffer 42. The address buffer 42 identi?es one of the 
Word lines WL of the particular memory cell 30 correspond 
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4 
ing to the requested address and passes the address to the 
roW decoder 44. The roW decoder 44 selectively activates 
the particular Word line WL to activate the FET’s 32 of each 
memory cell 30 that is connected to the selected Word line 
WL. The column decoder 46 selects the bit line (or bit lines) 
BL of the memory cell 30 corresponding to the requested 
address. For a Write operation, data received by the input/ 
output circuitry is coupled to the selected bit line (or bit 
lines) BL and provides for the charge or discharge of the 
capacitor 34 of the selected memory cell 30 through the FET 
32. The charge corresponds to binary data, as previously 
described. For a read operation, data stored in the selected 
memory cell 30, represented by the charge stored in the 
capacitor 34, is coupled to the select bit line (or bit lines) BL, 
ampli?ed by the sense ampli?er and a corresponding voltage 
level is provided to the input/output circuitry in the column 
decoder 46. 

As can be appreciated, the memory array described in 
FIG. 2 implements a number of FETs 32. In accordance With 
the present exemplary embodiments, the FETs 32 may be 
fabricated using STI technology. ShalloW trenches may be 
formed in a substrate and ?lled With an oxide. Cavities may 
be formed in the ?eld oxide and ?lled With a conductive 
material, such as polysilicon, as described further beloW. In 
the present exemplary embodiments, the FET 32 includes 
vertical junctions that are fabricated along the transistor gate 
edge. As described in detail beloW, the vertical junctions are 
formed betWeen the polysilcon and the exposed silicon at the 
trench edges such that the heavily doped polysilicon Will 
out-diffuse doping elements into the adjacent single crystal 
silicon advantageously forming a diode extension having 
desirable properties. Because the vertical junctions are in the 
single crystal silicon substrate and not the polysilicon layer, 
the diode area is con?ned to the transistor edge and thus, 
does not intersect trench Walls, the junction leakage is 
advantageously loW. Further, because the junction landing 
pad (i.e., the polysilicon) is disposed over the isolation 
oxide, the transistor cell can be compacted While the ?eld 
isolation trench Width is Widened to accommodate the 
source/drain landing pad contact areas, thereby alloWing a 
better ?ll margin for the trench. Further, the trench can be 
made shalloWer since the diode along the trench Walls does 
not extend far beloW the surface of the shalloW trench. As 
Will be appreciated, the exemplary FETs 32 can be com 
pacted further using self aligned contact (SAC) processing. 

Referring noW to FIG. 3, a partial cross sectional vieW of 
a substrate 50 having STI trenches 52 fabricated therein is 
illustrated. The substrate 50 may comprise a p-type silicon 
(Si) substrate, for instance. As described further beloW, a 
PET 32 may be fabricated vertically Within the trench 52. 
The trenches 52 may be formed by any one of a number of 
Wet or dry etching techniques, such as plasma etching, ion 
beam etching, or reactive ion etching (RIE), for example. 
The trenches 52 may have a depth in the range of about 0.15 
microns to about 0.45 microns, for example. Further, the 
trenches 52 may have a Width in the range of approximately 
0.025 microns to 0.015 microns, for example. 
The structure illustrated in FIG. 3 includes a thin oxide 

layer 54, such as silicon dioxide (SiO2) or oxide nitride 
oxide (ONO), Which may be applied or groWn on the surface 
of the substrate 50 by Wet or dry oxidation of the semicon 
ductor substrate 50, for instance. The oxide layer 54 may be 
groWn on the surface of the Wafer by placing the substrate 
50 in a heated chamber and exposing the Wafer to oxygen 
gas, as can be appreciated by those skilled in the art. 
Alternatively, the oxide layer 54 may be deposited over the 
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substrate 50. The oxide layer 54 is generally a thin layer that 
forms the gate oxide of the FET 32, as Will be illustrated 
further below. 

The structure illustrated in FIG. 3 also includes an inter 
mediate nitride layer 56, such as silicon nitride (Si3N4), that 
is deposited onto the oxide layer 54 and patterned, as 
illustrated in FIG. 3. The nitride layer 56 may be deposited 
to protect the underlying materials during further process 
ing. The nitride layer may comprise various other common 
insulating materials such as silicon oxide (SiOZ), Which may 
be in combination With the nitride layer 56. The nitride layer 
56 may be deposited by chemical vapor deposition (CVD), 
for example. More speci?cally, the nitride layer 56 may be 
disposed using a loW pressure chemical vapor deposition 
(LPCVD). 
The techniques for forming the structure illustrated in 

FIG. 3 may vary. For instance, in one exemplary embodi 
ment, after the trenches 52 are formed in the substrate 50, the 
oxide layer 54 may be applied to (or groWn on) the surface 
of the substrate 50, including through the trench 52. Alter 
natively, the oxide layer 54 and the nitride layer 56 may be 
disposed over the surface of the substrate 50 before the 
trenches 52 are formed. Once the oxide layer 54 and the 
nitride layer 56 are disposed, the trenches 52 may be formed 
through the nitride layer 56, the oxide layer 54 and the 
underlying substrate 50. As can be appreciated, if the 
trenches 52 are formed after deposition of the oxide layer 54, 
the oxide layer 54 Will be removed from the trench 52 during 
the etch process. Accordingly, a second deposition or groWth 
step may be performed to redeposit or regroW the oxide layer 
54 through the trench 52. Once the trench 52 is formed 
having an oxide layer 54 disposed therein, the trenches 52 
are ?lled With an isolation oxide 58, thereby forming the 
structure illustrated in FIG. 3. The oxide 58 Will provide 
junction isolation for the FET 32, as illustrated further 
beloW. 

Once the trench 52 is ?lled With the isolation oxide 58, the 
oxide 58 may be patterned such that a shalloW cavity 60 is 
formed along the Walls of the channel as indicated in FIG. 
4. It should be understood that While the term “cavity” is 
used to describe the opening formed in the oxide 58, the term 
is simply used for clarity such that it is easily distinguishable 
from the trench 52. As can be appreciated, the cavity 60 may 
also be described as a trench formed in the oxide 58 that 
extends through the length of the trench 52. In the present 
exemplary embodiment, the isolation oxide 58 may be 
etched to form an inverted U-shaped cavity, as illustrated in 
FIG. 4. In accordance With one exemplary embodiment, 
each of the plurality of cavities 60 has a depth in the range 
of approximately 300 angstroms to 1500 angstroms. Further, 
in accordance With another exemplary embodiment, each 
cavity 60 may have an aspect ratio of less than or equal to 
approximately 0.5 to 10. In accordance With another exem 
plary embodiment, each cavity 60 may have an aspect ratio 
of less than or equal to approximately 1 to 3. As Will be 
illustrated further beloW, the exposed edge 62 Will form a 
diode junction for the FET 32 having a loW junction leakage 
based on its proximity to the isolation oxide 58. As used 
herein, the “exposed edge 62” refers to the edge being 
essentially free of any ?lm, especially oxides and hydrocar 
bons. 

Once the isolation oxide 58 is etched to form the cavity 60 
to expose the edge 62, a cleaning process may be imple 
mented to clean the exposed edge 62 to eliminate any ?lms, 
such as hydrocarbon ?lms, that may be present. After the 
cleaning process, a conductive material, such as an insitu 
doped polysilicon (i.e., polysilicon having doping levels in 
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6 
the range of approximately 1016 to 1022 atoms/cm3), amor 
phous silicon or micro-crystal silicon, for example, may be 
deposited in the channel by a suitable deposition process, 
such as chemical vapor deposition (CVD), plasma enhanced 
chemical vapor deposition (PECVD), or photo enhanced 
CVD, for example. The conductive material may be depos 
ited in a diffusion furnace or using a single Wafer tool, for 
example. 

FIG. 5 illustrates the structure formed after deposition of 
the conductive material, here an N+ doped polysilicon 
material. Accordingly, the structure illustrated in FIG. 5 
includes N+ doped polysilicon 64 disposed in the cavity 60. 
The polysilicon Will be patterned to form the source 36 and 
drain 38 of the FET 32, as described further beloW With 
reference to FIG. 6. Once the polysilicon material 64 is 
disposed, the structure may be planariZed such that the 
nitride layer 56 is ?ush With the top surface of the polysili 
con material 64, as illustrated in FIG. 5. The structure may 
be planariZed using chemical mechanical planariZation 
(CMP) techniques, for instance. 

In an alternate embodiment, the polysilicon material 64 
may be disposed conformally Within the cavity 60, such that 
a thin layer of the polysilicon material 64 is formed there 
through. The remainder of the cavity 60 may be ?lled With 
a compound, such as CuSi2, NiSi2, TiSi2, TiN or WZN, for 
example. In another embodiment, the polysilicon material 
64 may be replaced completely With a compound, or With a 
metal that may form a compound through a heat treatment. 
As Will be appreciated, by replacing the polysilicon material 
64 With a pure metal, a Schottky barrier may be formed. In 
this embodiment, the FET 32 may comprise a Schottky 
barrier transistor having improved gate control and sub 
threshold voltage sWings. Further, Schottky barrier transis 
tors fabricated in accordance With the present embodiments 
may provide improved memory cell isolation, reduction in 
threshold voltage, improvement in drive currents and 
improved leakage degradation. 

After deposition of the conductive material (here the 
doped polysilicon 64) and CMP, the structure is exposed to 
a heat treatment. By exposing the heavily doped polysilicon 
material 64 to a thermal cycle, the doped polysilicon mate 
rial 64 out-dilfuses doping elements into the adjacent single 
crystal silicon, thereby forming diode extensions for the FET 
32, as indicated by the doped regions 68 illustrated in FIG. 
6. The lateral diffusion of the polysilicon material 64 may be 
controlled by controlling the temperature and the time of the 
thermal cycle such that the depth of the junction is not 
affected. The exposure time for the thermal cycle is in the 
range of approximately 20 to 600 seconds and at a tempera 
ture in the range of approximately 600° C. to 10500 C. Once 
the out-di?‘used doped regions 68 are formed in the silicon, 
the isolation oxide 58 and the polysilicon material 64 are 
further etched to form the drain 36 and the source 38 and 
indicated in FIG. 6. 

In an alternate exemplary embodiment, the polysilicon 
material 64 may be etched to form a raised source 38A and 
drain 36A con?guration, as illustrated in FIG. 7. As can be 
appreciated, the raised source 38A and drain 36A con?gu 
ration illustrated in FIG. 7 may advantageously provide a 
loWer resistance and faster sWitching speeds for the FET 32. 
Those having ordinary skill in the art Will appreciate that 
additional patterning and etching steps may be implemented 
to form the alternative structure having the raised source 
38A and drain 36A of FIG. 7. For instance to complete 
processing of the structure including the raised source 38A 
and drain 36A con?guration, a dielectric ?lm may be depos 
ited and patterned to isolate the polysilicon material 64 
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Which forms the raised source 38A and drain 36A from the 
polysilicon material that Will be later deposited to form the 
polysilicon gate 70 (illustrated and described below With 
reference to FIG. 8). 

Returning again to the structure illustrated in FIG. 6, 
having a source 38 and drain 36 patterned ?ush With the 
oxide layer 58, further fabrication of the FET 32 includes a 
number of deposition, patterning and removal steps. For 
instance, after the formation of the source 38 and drain 36, 
the nitride layer 56 may be removed via a chemical etch 
process such that the gate structures and surrounding mate 
rials may be disposed and etched. If the oxide layer 54 is 
removed during the etch process, the oxide layer 54 may 
then be regroWn to provide the gate oxide for the FET 32. 
During the regroWth of the gate oxide layer 54, the oxide 
layer 82 is also formed over the polysilicon layer 58 (source 
38 and drain 36), as illustrated in FIG. 8. Next, the Wordline 
structures implemented to form the gate 40 of the FET 32 
may be fabricated. In one exemplary embodiment, the 
Wordlines comprise a polysilicon gate 70 having a silicide 
material and a nitride cap, such as Si3N4, disposed thereon, 
illustrated collectively in FIG. 8 as the cap 72. As can be 
appreciated, the polysilicon gate 70 may comprise other 
conductive materials, such as tungsten, to enhance conduc 
tivity through the polysilicon gate 70. Further, the cap 72 
may also comprise various common insulating materials 
such as silicon oxide (SiOZ). The layers of the cap 72 may 
be deposited by chemical vapor deposition (CVD), for 
example. More speci?cally, the cap 72 may be disposed 
using a loW pressure chemical vapor deposition (LPCVD). 

Once the Wordline layers (i.e., oxide 54, polysilicon gate 
70 and cap 72) are disposed, the Wordlines may be patterned 
and etched by a conventional means. Next, a nitride layer 
may be disposed and etched to form the nitride spacers 74. 
After formation of the nitride spacers 74, a number of 
dielectric layers, such as TEOS and BSPG layers, illustrated 
collectively as dielectric layers 76, may be disposed over the 
Wordline stacks, thereby burying the Wordlines. The struc 
ture may then be planariZed by chemical mechanical pla 
nariZation (CMP). Next contact holes are formed through 
the BPSG layers such that openings to the drain 36 and 
source 38 are formed. Finally, a conductive material, such as 
a polysilicon plug 80 may be disposed into the holes to 
provide contacts to the source and drain and metal trace 
layers (not shoWn) may be formed on the surface of the 
dielectric layers 76. The formations of the contact holes may 
include multiple etch and/or punch steps. For instance, one 
or more punch steps and/or one or more etch steps, such as 
a dry etch, may be implemented to etch through the dielec 
tric layers 76 to the underlying source 38 and drain 36. 
Advantageously, the techniques described herein alloW the 
plugs 80 to be disposed further from the polysilicon gate 70 
since the Width of the source 38 and drain 36 may be 
increased. In accordance With one exemplary embodiment, 
each of the conductive posts or plugs 80 are coupled to the 
respective drain 36 and source 38 at a distance from the gate 
70 that is greater than 50% of the Width of the respective 
drain 36 and source 38 terminals. By moving the plugs 80 
further from the gate 70, shorting betWeen the plugs 80 and 
the gate 70 may be reduced. 

For the raised source/drain con?guration illustrated in 
FIG. 7, slightly different processing steps may be imple 
mented. In one embodiment, after formation of the raised 
source 38A and drain 36A, the nitride layer 56 may be 
removed via a chemical etch process. Further, the oxide 54 
is etched. Next, a dielectric material, such as an oxide or a 
nitride or high k materials, may be deposited and patterned 
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8 
to surround the raised source 38A and drain 36A. Next, the 
polysilicon gate 70 (FIG. 8) may be deposited and pla 
nariZed by a CMP process, for example. Finally, a silicide 
material and nitride cap may be deposited over the polysili 
con gate 70, as previously described. 
As can be appreciated, to provide electrical contact from 

the underlying Wordlines, contact holes (not shoWn) may 
also be formed to the underlying Wordline. The contact holes 
may be ?lled With a conductive material, such as tungsten, 
to provide a conductive path from the metal traces to the 
polysilicon gate 70 (i.e., Wordline gate 40 in FIG. 2. 
The application of the present techniques of forming 

cavities Within an oxide disposed in a trench may also be 
implemented to form connections having extended vertical 
contact regions. Referring brie?y to FIG. 4, the cavity 60 has 
been formed in the P-type silicon substrate 50. To provide 
connections along the exposed edge 62, a P+ doped poly 
silicon may be deposited into the cavity 60, as opposed to the 
N+ doped polysilicon material 64 implemented to form the 
transistor junctions, as described above. Further, in some 
applications, it may be desirable to form connections on one 
side of the trench 52 (FIG. 3) and to form diode/transistor 
junctions on the opposite side of the trench 52. The forma 
tion of such structures is described brie?y With reference to 
FIGS. 9 and 10, beloW. 
As Will be appreciated, to facilitate the formation of tWo 

structures (i.e, connections and diode/transistor junctions) 
Within a single trench 52, separate cavities may be formed 
in the isolation oxide and different dopants may be deposited 
on each side. Referring to FIG. 9, a ?rst cavity 60A is formed 
in the isolation oxide 58 along one edge of the trench 52. It 
should be noted that to provide isolation between the cavity 
60A and the cavity that Will be formed later on the opposite 
side of the trench 52, the isolation oxide 58 may be patterned 
and etched such that it is ?ush With the top surface of the 
nitride layer 56, as illustrated in FIG. 9. In the present 
exemplary embodiment, after formation of the ?rst cavity 
60A, an N+ polysilicon material, such as phosphorus, may 
be disposed into the cavity 60A. After deposition of the N+ 
polysilicon material into the cavity 60A, a similar set of 
steps may be implemented and a polysilicon material 
heavily doped With a p-type material, such as boron, may be 
deposited in similar cavities formed on the opposite side of 
the trench 52. 

FIG. 10 illustrates the structure formed after deposition of 
both polysilicon materials. Accordingly, the structure illus 
trated in FIG. 10 includes n-doped polysilicon 64A disposed 
in a cavity 60A formed on one side of the trench 52 and a 
p-doped polysilicon 64B disposed in a cavity 60B formed on 
the other side of the trench 52. By exposing the doped 
polysilicon materials 64A and 64B to a thermal cycle, the 
doped polysilicon materials 64A and 64B Will out-diffuse 
doping elements into the adjacent single crystal silicon, 
thereby forming either a diode extensions, as With polysili 
con material 64A or a connection, as With polysilicon 
material 64B. Once each of the polysilicon materials 64A 
and 64B are disposed, the structure may be planariZed such 
that the nitride layer 56 is ?ush With the top surface of the 
polysilicon materials 64A and 64B, as previously described 
With reference to FIG. 5. As Will be appreciated, depending 
on the application, the connections and diode extensions 
may be patterned and further fabricated to provide any of a 
number of desirable structures having improved junctions. 

While the invention may be susceptible to various modi 
?cations and alternative forms, speci?c embodiments have 
been shoWn by Way of example in the draWings and have 
been described in detail herein. HoWever, it should be 
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understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
following appended claims. 
What is claimed is: 
1. A transistor comprising: 
a drain terminal comprising a doped polysilicon material 

disposed Within a ?rst shalloW cavity formed in an 
isolation oxide region; 

a source terminal comprising a polysilicon material dis 
posed Within a second shalloW cavity formed in the 
isolation oxide region; 

a channel formed in a silicon material and arranged 
betWeen each of the ?rst shalloW cavity and the second 
shalloW cavity, Wherein the channel comprises a 
respective doped region coupled to each of the drain 
terminal and the source terminal; and 

a gate disposed over the channel and comprising one or 
more conductive layers disposed over a gate oxide 
layer. 

2. The transistor, as set forth in claim 1, Wherein each of 
the plurality of cavities comprises a depth in the range of 
approximately 300 angstroms to 1500 angstroms. 

3. The transistor, as set forth in claim 1, Wherein each of 
the plurality of cavities comprises an aspect ratio of less than 
or equal to approximately 0.5 to 10. 

4. The transistor, as set forth in claim 1, Wherein each of 
the plurality of cavities comprises an aspect ratio of less than 
or equal to approximately 1 to 3. 

5. The transistor, as set forth in claim 1, comprising: 
a ?rst conductive post coupled to the drain terminal and 

extending vertically therefrom; and 
a second conductive post coupled to the source terminal 

and extending vertically therefrom; 
Wherein each of the ?rst and second conductive posts are 

coupled to the respective drain and source terminals at 
a distance from the gate that is greater than 50% of the 
Width of the respective drain and source terminals. 

6. A memory device comprising: 
a storage device; and 
a transistor coupled to the storage device, Wherein the 

transistor comprises: 
a drain terminal comprising a doped polysilicon material 

disposed Within a ?rst shalloW cavity formed in an 
isolation oxide region; 

a source terminal comprising a polysilicon material dis 
posed Within a second shalloW cavity formed in the 
isolation oxide region; 

a channel formed in a silicon material and arranged 
betWeen each of the ?rst shalloW cavity and the second 
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10 
shalloW cavity, Wherein the channel comprises a 
respective doped region coupled to each of the drain 
terminal and the source terminal; and 

a gate disposed over the channel and comprising one or 
more conductive layers disposed over a gate oxide 
layer. 

7. The memory device, as set forth in claim 6, Wherein the 
storage device comprises a capacitor. 

8. The memory device, as set forth in claim 6, Wherein 
each of the plurality of cavities comprises a depth in the 
range of approximately 300 angstroms to 1500 angstroms. 

9. The memory device, as set forth in claim 6, Wherein 
each of the plurality of cavities comprises an aspect ratio of 
less than or equal to approximately 0.5 to 10. 

10. The memory device, as set forth in claim 6, Wherein 
each of the plurality of cavities comprises an aspect ratio of 
less than or equal to approximately 1 to 3. 

11. A system comprising: 
a processor; and 

a memory device coupled to the processor and compris 
ing: 

a storage device; and 
a transistor coupled to the storage device, Wherein the 

transistor comprises: 
a drain terminal comprising a doped polysilicon material 

disposed Within a ?rst shalloW cavity formed in an 
isolation oxide region; 

a source terminal comprising a polysilicon material dis 
posed Within a second shalloW cavity formed in the 
isolation oxide region; 

a channel formed in a silicon material and arranged 
betWeen each of the ?rst shalloW cavity and the second 
shalloW cavity, Wherein the channel comprises a 
respective doped region coupled to each of the drain 
terminal and the source terminal; and 

a gate disposed over the channel and comprising one or 
more conductive layers disposed over a gate oxide 
layer. 

12. The system, as set forth in claim 11, Wherein each of 
the plurality of cavities comprises a depth in the range of 
approximately 300 angstroms to 1500 angstroms. 

13. The system, as set forth in claim 11, Wherein each of 
the plurality of cavities comprises an aspect ratio of less than 
or equal to approximately 0.5 to 10. 

14. The device, as set forth in claim 11, Wherein each of 
the plurality of cavities comprises an aspect ratio of less than 
or equal to approximately 1 to 3. 


